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9 Some Considerations for FradnigOesigii 

use of liver microsome pre|>a»tions as 
shown for new dopaminergic/oompounds 
(243), and lo inchide-hunian r^licmsomes in- 
order to gain some insight into the situation 
potentially encountered in humans. 



8.6 VaUdity of Classicai Pharmacokinetic 
Concepts for Prodrug Design,. 

As seen in the previous paragraphs, classi- 
cal pharmacokinetic concepts can be used 
for the study of prodrugs despite the fact 
that they have essentially been derived 
from theoretical conaderations .related to 
the situation where the parent compound is 
the active moiety. As for metabolite, kinet- 
ics, diCficulties arise when the prodrug is 
not totally biotransformed to the "drug." 
There is one situation, however, in which it 
is questionable whether thesis .concepts are 
fully appropriate, namely drug targctting. 
For example, if a prodrug is^ery spedfical- 
iy targeted to one type of cells or to one 
organ system, it might be, .necessary to 
define a "targeting index" to ^lescribe dis- 
tribution of the prodrug and ihe active 
moiety, since a concept suchVas'the appar- 
ent volume of distribution might only poor- 
ly describe the distribution properties of 
the therapeutic agent. The same restriction 
may apply to the concepts of systemic 
availability, qrstemic clearance, and appar- 
ent half-life of elfanination. this does not 
mean that dasrical lAarma^inetic .con- 
cepts would become invalii;'|t^use they 
are robust and well validated,'' but that 
some creativity b probably necessary in 
order to improve the descriptive powo^ of 
pharmacokinetics m order to . allow' com- 
parisons of "drug" and prodnig,or between 
prodrugs. Similar oonsiderations.also ap^ 
to the concepts basic' to triophainnaceutic 
evaluations. If the necessity ^tp dgfine new 
pharmacokinetic parameter^ rfo,i^^thc "de- 
scription of targeted prodrug; is' accepted, 
it will be of utmost importaiMX to define 
only concepts that can be quantified based 
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on experimental data. It is possible that 
development of imaging techniques such as 
PET- or NMR-scan wiH give-an-.impetus to- 
these foreseeable developments in pharma- 
cokinetics. 

A problem requiring special attention is 
the stereoselective in vivo activation of 
prodrugs derived from racemic mixtures, as 
exemplified by the stereoselective hydrol- 
ysis of 0-acetyl-propanolol (246). for 
which it was also found that the selectivity 
of plasma em^e urase differs from that of 



9 SOME CONSroERATIONS FOR 
PROORIX; DESIGN 

9.1: Rationale ot Prodrug Dcdgn 

The design of prodrugs in a rational man- 
ner requires, as stated by Bundgaard (9). 
that the underlying causes which necessita- 
te; o'r stimulate die use of die prodrug 
apprpiad) be defined and dearly under- 
stood. It may diea be possible to identify 
the:'means by which the difficulties can be 
overcome. The' rational design of the prod- . 
lug'. can thus be diWded into three basic 
steps.: 

• Identification of the drug delivery prob- 

;Iem. 

•:«entification of the physicochemical 
'■;propeities required for optimal delivery. 
•) Selection of a prodrug derivative that 
;has the proper physicochemical proper- 
ties and dut wiU be deaved in the 
/desired biological compartment. 

^ln;this context it must be accepted that a 
ve^ dose collaboration is needed between 
thi; ^rmaceutical chemists active in drug 
synthesis and diose woricing in the area of ' 
xenobiotic meUbolism. This is particulariy 
important if more targeted prodrugs are 
d^igiied in function of enzymes available 
at^the right place, in the right amount and 
withlhe right prodrug spedfidty. 
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9.2 Pnwlical Ctonrideratidiis ^ y 

In the rational design and qrnthesis of 
prodrugs, several factors diould'jie consid- 
ered before starting the develppmeiit of a 
new compound intended for.: large-scale 
production (247): ' j ' 

• The chemical intermediates ^f jinodifiers 
should be available in a lii^;. state of 
purity at reasonable cost. 

• Complicated synthetic schemes should 
be avoided and purification |ste^ should 
be efildent without markedly^iiiicreasing 
production costs. The imxliiction^sHbttld 
be easy to scale-up from the bencti mark 
to industrial production. . ■■ 

• The prodrug should be stable ''in'.' bulk 
form. This is of particular imponahce for 
substances like esters, which are likely to 
be degraded in the presen(x|^of even 
trace amounts of moisture. . 

• The in vivo lability should be effideiit to 
permit rele^.-of the active' moiety at a 
rate adequate to ensure its therapeutic 
activity. Regeneration can yibfc,^ Either 
diemical (pH effects) and /or enzymatic. 

• The prodrug and the "canier/nibiety** 
should be nontoxic Relaiii^ly'.'"safe" 
moieties indiide amino aci(B;'J diort to 
medium length alkyi esters, and,.s6me of 
the macromolecules described previous- 
ly. 

• The phannacokinetks of thi^cfive'moi- 
ety should be wdl docuineoted tbefore 
starting prodrug synthesis, vi6,'A(^a later 
stage, prodrug, kinetics shcmld^e^.thor- 
oughly investigated in maif^':'^'|;' 

• Hie Wopha nh aceu t ica l ooinequeiM^ for 
prodrug fbrmulations shouljd'be'cairefuUy 
evaluated. .' 

• Last but not .least. the..pi:m]rug'^hould 
present- sotiM' clinically.* rele^lnt'advan- 

- tages over the active 'principle adminis- 
-tered directly. In this^ccM^text;itimust be 

• remembered., that nnibdifi^ion ' of one 



Metabolic ConsMeratlons In Prodrug Design 

phaiinacokinetic propeity frequently al- 
ters 'other {noperties of the drug nipl^ 
ciile and caiitioii must thus be eiceicised* ' 
when embarking on a program of this 
na'ture. 

10 pONCLUSIONS 

Although prodrug design started more than 
30 years ago and many reviews have been 
written on this subject, very little infor- 
mation is available in official guidelines or 
pharmacokinetic textbooks on the regula- 
toryt'requiremenis or data analysis for this 
typejl^.pf compounds. This chapter is an 
attempt' to gather and confront available 
inforriiation oiv the subject. , 

:Soine basic problems have, however,, 
been;. left untouched. For example, the 
difliailty of extrapolating data from animal 
to '..hiunans encountered during tbx- 
' icolunetic and toxioologic studies with ' 
drugs is amplified with prodrugs since not .'. 
only^meubtriisiii of the active mtriety might 
diffet,;i>but also its availability from the 
prodrug. As a nnatter of fact, there is 
prcseni|ly no published rationale for the 
con(l^ of animal and human pharmacor 
kiinetfc programs during prodrug research 
and, development. 

authors concluded a reviiew on ■ 
prodrugs (7). quoting the question asked in 
19a$;^248) by Stella et al.: "Do prodrugs 
ha^e.^a[dvantages in dinical practice?" The ' 
opimob was the following: 'Today, the 
aiis^r is certainly YES In some paiticniar 
ca^^.but for many drugs this aspect of 
drug'.Vdesign has received no dear and 
satisfactory solution. The main reason for 
this.- situation is that most prodrugs have- 
b^n'synthesized starting from valuable and 
well'nknown drugs. As a consequence, the 
l^|ential advantage of the new chemical 
eniity^-'over its "seasoned precuisor" has 
often^-been only marginal. It is thus im-° 
poitant that in the future, drug ^ign of 
newf.chemical entities should incorporate 
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"delivery and/or targetiiig ooinponents" 
from the earliest stages of leseardi and 
devefopment This strategy might help sub- 
stances too toxic, or unable to show 
adequate pharmacologic effects in thdr 
basal form to go through primary and 
secondary screening, before successfully 
reaching human testing. It. is evident that 
if such an approach were to become an 
integral part of basic drug .design and not 
just a hindsighted attempt' to/sc^e prob- 
lems associated with older dnigs. it would 
also be necessary to develop new bio- 
phannaoeutical and pharmacokinetic ap- 
proaches to tackle the new- challenges." 
After five years, the authors still believe 
that this is a valid statement: . . . 
After this chapter, which focused. more 
Ic aspects, than on chemi- 



j on new';wa^' to ap- 
proach the toxicokinetic aiid the dinical 
. pharmaookinetiGS of prodrugs, and their 
active moiety is of paramount>importknce if 
prodrug design is to r(UtKiin~;(<)r to . be- 
come?) an important part for jeseardi and 
-•— ' -It of r — - * ■ 



paraltel, great efforts must.;^e,,undeitaken 
ill order to better understai^^t|^ molecular 
basis of xenobiotic mettboitenir it should 
then be easier to synth^'ize oDmpounds 
which would show the mi^t .appropriate 
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